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COMPLETE SPECIFICATION 

Roll with Vibration Damping Means 



We, Mount Hope Machinery Limited of 
Green-Street-Green R&d, Dartford, Kent, a 
Company incorporated under the Laws of the 
United Kingdom of Great Britain and North- 
ern Ireland, do hereby declare the invention 
for which we pray that a patent may be grant- 
ed to us, and the method by which it is to 
be performed, to be particularly described in 
and by the following statement: — 

The present invention is concerned with the 
persistent problem of vibration in rolls, and 
is particularly directed to, although not limited 
in application to, table rolls used in Four- 
drinier machines for the drainage of water 
from suspensions of paper fibres carried by a 
travelling screen or wire. The recognition in 
recent times of the desirability of reducing the 
diameters of table rolls has aggravated the vi- 
bration problem because the "rigidity of these 
rolls is correspondingly lessened. Good work- 
manship, careful attention to tolerance, and the 
use of conventional balancing techniques alle- 
viate but do not eliminate harmful vibration. 

In the case of water-lubricated table rolls, 
in which a fluid flow forms a bearing between 
the rotating roll sleeve and the stationary axle, 
vibration in the first natural mode of bending 
has been observed in nearly all cases. The am- 
plitude is often great enough to make the rolls 
impractical for use in a paper machine. Vibra- 
tion may occur over a speed range of several 
hundred feed per minute, beginning at the cri- 
tical speed of the roll, that is, the speed corre- 
sponding to the natural frequency of roll vibra- 
tion. Unlike conventional table rolls, small-dia- 
meter table rolls are normally operated above 
this critical speed. 

The design of a water-lubricated table roll 
is preferably such that the annular spaces 
bounded by the axle on the inside, the roller 
sleeve on the outside, and bearing rings at the 
roll ends and intermediate points, are normally 
only partiy full of water. This is accomplished , 
by providing enough clearance over the bear- 
ing rings and through the fluid bearing sur- 
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faces themselves, eg., by means of return 
ports, to maintain a sufficient flow of exhaust 
water from the ends of the roll. This partly 
full condition is desired because otherwise the 
contact of the rotating water with the station- 
ary axle causes turbulence, which requires sub- 
stantially more power to turn the roll. On the 
other hand, the roll is found to be subject to 
a second type of vibration, often of severe am- 
plitude having a substantially constant fre- 
quency equal to the first natural frequency of 
the roll vibrating as a beam. This second type 
of vibration is not caused by imbalance of the 
cover; which causes die aforementioned vari- 
able-frequency vibration; the frequency of the 
second type of vibration is substantially con- 
stant and is unrelated to the rotational speed. 
Further, it occurs primarily in a vertical plane, 
whereas imbalance vibration results in the 
first-mentioned type of occurring in all planes 
passing through the roll axis. 
^ It is thought that this second type of vibra- 
tion is caused by oppositely moving waves in 
the water which lubricates the roller sleeve, 
running circumferentially up and down the 
sides of the roller sleeve and reinforcins; them- 
selves as they meet at the top and bottom. 
Acceleration forces are substantially equal on 
both sides of the roll, so the circumferentially 
travelling waves propagate at equal speed. The 
surging causes vibration and vice versa, so that 
the process is self-sustaining. The frequency 
is equal to the natural frequency of the roll, 
since only at this frequency does a small perio- 
dically varying disturbing force produce a sub- 
stantial amplitude. 

Horizontal vibration is not ordinarily en- 
countered in use in the Fourdrinier because 
the suction between the table roll and the wire 
grips it firmly to the wire, which is tautly ten- 
sioned in the horizontal direction. 

Similar vibration is observed in a roll having 
mechanical anti-friction bearings supporting an 
annular roller sleeve. In one design, a fibre- 
glass-epoxy sleeve is supported by two steel 
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spools placed end to end, which are supported 
by bearings at their outboard ends and by a 
bearing which they share in common at the 
centre. These steel spools have an inherent sag 

5 of their own. Thus, when the three bearings 
arc co-axial, the space between the confronting 
ends of the spools tends to open at the top 
of the roll and close at the bottom. This 
stresses the fibreglass-epoxy cover in this yi- 

10 cinity, and the stress in any given fibre varies 
cyclically as the roll rotates. Since this material 
is not highly elastic, the point of maximum 
strain tends to be dragged around in the direc- 
tion of roll rotation. The angle between the 

15 point of maximum strain and the bottom of 
the roll increases as the roll speed increases. 
Finally, this point is dragged over the top, and 
beyond that speed, rotates in the direction of 
roll rotation but not necessarily at the same 

20 speed as the roll. This is the phenomenon 
known as whip. This can also occur in a plain 
steel roll, since even steel is not perfectly clas- 
tic. 

It is the general object of the present mven- 

25 tion to provide means for damping the vibra- 
tions of a roll, and it is a specific object to. 
dampen vibrations in a high-speed roll such 
as the tabic roll of a Fourdrinier machine. 
According to the present invention there is 

30 provided in combination, a roll and vibration- 
damping means therefor, said roll comprising 
an axle, an annular roller sleeve extending cir- 
cumferemially about said axle, bearing means 
rotatably mounting said sleeve on said axle, 

35 bearing means rotatably mounting said sleeve 
on said axle, said axle being provided with 
internal wall means forming a chamber adapt- 
ed to contain a body of fluid, and said vibra- 
tion damping means comprising a paddle- 

40 shaped member received in said chamber, and 
resilient means suspending said member with 
clearance from said wall means to pump fluid 
through said clearance for absorbing vibrational 
energy from said roll. The paddle-shaped 

45 member is solely supported by the supension 
■means, and is free to vibrate within the fluid. 
When roll vibration occurs, relative motion is 
set up between the paddle-shaped member and 
the axle. This relative motion pumps fluid 

50 back and forth through the clearance spaces 
between the paddle-shaped member and the 
axle, and as all of the energy involved in this 
pumping action is dissipated, the vibratory 
energy of the roll is absorbed. 

55 If the paddle-shaped member could be free- 
ly or seismically suspended, it would be equal- 
ly effective in absorbing vibration at all fre- 
quencies. However, this is unnecessary because 
the major vibrations of the roll occur onty at 

60 the first natural frequency of the roll vibrating 
as a beam on its end supports. 

In a preferred embodiment of the invention, 
the paddle-shaped member is suspended by re- 
silient means and the spring rate of the resil- 

65 ient means is tuned so that the mass of the 



paddle-shaped member will vibrate at the 
same natural frequency as the roll. This great- 
ly magnifies the response of the paddle-shaped 
member, so that its relative motion can easily 
be several times the amplitude of the roll vi- 70 
brations, correspondingly increasing the 
amount of energy absorbed per cycle. 

A preferred form, of suspension incorporates 
parallel rods which extend in one or both 
directions longitudinally of the axle from the 75 
paddle-shaped member, which is located in the 
longitudinal centre of the roll where the maxi- 
mum amplitude of vibration occurs. The out- 
board ends of the rods are supported fixedly 
within the axle by brackets or similar mount- 80 
ings. The system may be tuned by selecting 
the locations of the rod-supporting brackets so 
that the effective lengths of the rods tunes the 
system to t£e natural frequency of the roll, 
which in turn depends on its own length. 85 

In a variation of the foregoing arrangement, 
the paddle-shaped member may be sufficiently 
long so that its own elasticity when supported 
at its ends or elsewhere becomes a factor, and 
possibly even the principal factor, in determin- 90 
ing the elasticity cf the damping so that the 
function of the support rods becomes that of 
merely locating and supporting the member. 
The tuning then becomes mainly a function 
of the distributed mass and elasticity of the 95 
paddle-shaped mass. 

In the application of the improved vibra- 
tion-damping system to a fluid bearing roll, 
the interior of the axle may serve both as a 
reservoir for supplying fluid to the bearing 100 
clearances between the axle and the sleeve, and 
as the damping fluid chamber. In application 
to a roll having mechanical anti-friction bear- 
ings, the sealed interior of the hollow axle may 
again be used as the damping fluid chamber, 105 
or separate wall means may form a chamber 
of shorter length within the axle, if desired. 

In the accompanying drawings : 

Fig. 1 is a fragmentary view in side eleva- 
tion, and partially in section, showing a fluid 110 
bearing roll embodying one form of the inven- 
tion ; 

Fig. 2 is a sectional view taken along line 
2—2 in Fig. 1, looking in the direction of the 
arrows; m , ^ 

Fig. 3 is a sectional view in side elevation 
showing a roll embodying another form of the 
invention; 

Fig. 4 is a sectional view in end elevation 
of an axle damping means forming a portion 120 
of the roll of Fig. 3; and 

Fig. 5 is a sectional view of a portion of 
a third embodiment. 

An embodiment of the invention in a fluid 
bearing axle roll is illustrated in Figs. \] and 125 
2. The roll includes a tubular axle or support 
10 of circular cylindrical cross-section, whose 
interior wall forms a fluid chamber l'l. The 
axle is mounted in a horizontal position by 
means of mounting brackets 44 at either end, 130 
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having lifting rings 52 for convenience in in- 
stalling the roll. In the form shown, a mount- 
ing base 46 is pivotally connected to each 
bracket 44, and height adjustment to level the 

5 roll is provided by a threaded stud 48 inter- 
connecting the parts 44 and 46. A cam (not 
shown) is operable by an adjusting member 
50 for a quick adjustment of the height of 
the stop contacted by the stud 48. This 

10 mechanism is conventional and forms no part 
of the present invention, so that no further 
detailed description thereof is believed neces- 
sary. 

'Extending lengthwise through the axle 10 

15 is a tension rod or bolt 56 having threaded 
ends on which nuts 60 are received. Stout 
abutments or end plates 22 are mounted in 
sealing engagement on the opposite ends of 
the axle, and having openings through which 

20 the bolt 56 passes. These end plates are 
aligned with the axle by means of pins 24. 
Threaded ports 26 are provided in either abut- 
ment 22 for supplying a flow of fluid to the 
chamber 11; one of these openings is shown 

25 closed by a plug 28. The tension bolt 56 ex- 
tends parallel to, but is spaced vertically be- 
neath, the major longitudinal axis of the roll, 
which coincides with its neutral axis of trans- 
verse bending. Upon tightening of the nuts 60, 

30 the rod 56 is subjected to tension, placing the 
axle under an eccentric longitudinal compres- 
sive force. This force is used to remove longi- 
tudinal curvature from the roll when a working 
load is applied, as is more fully described in 

35 U.K. Patent Specification 979018. The nuts 
60 are tightened to deflect the axle to an up- 
wardly convex form when the roll is unloaded, 
so that the centre will be in line with the ends 
when the load is applied. A pair of plates 58 

40 are welded or otherwise attached near the ends 
of the bolt 56, and have surfaces conforming 
to the internal walls of the axle 10 to prevent 
the bolt from rotating when the nuts 60 are 
tightened. It is to be understood that the ten- 

45 sion bolt 56 is not necessary or essential to 
the practice of the present invention; but it 
is considered desirable for use with relatively 
long straight rolls such as the table rolls of 
a Fourdrinier machine, because this expedient 

50 makes it feasible to reduce the roll diameter. 
An annular roller sleeve 12, of such material 
as may be suitable for the particular use of 
the roll, is received circumferentially about the 
axle 12 with an annular clearance. This sleeve 

55 is rotatable on the axle and serves to support 
a travelling sheet, web, or band, such for ex- 
ample as the wire or screen of a Fourdrinier 
machine, which would rest on the vertical top 
of the sleeve. In the construction shown, the 

60 sleeve should be substantially rigid against dis- 
tortion under the applied load, and is support- 
ed by fluid bearings like those disclosed in 
U.K. Patent Specification No. 1,066,423. Pairs 
of orifices 16 are formed through the axle 10 

65 and a series of bearing rings 14, which are 



•fixed in axially-spaced relation along the axle. 
The orifices are arranged in two longitudinal 
rows, each parallel to the axis of the roll, and 
these rows define a minor arcuate sector of 
the axle between them. The load is intended 70 
to act vertically in me illustrated case, along 
a vertical plane passing through the axis of 
the roll, which plane bisects the arc defined 
between the rows of orifices 16. These orifices 
serve to distribute a flow of water or other 75 
lubricating fluid, supplied to the chamber 11 
through the open one of the ports 26, the an- 
nular clearance spaces defined between the 
outer circumferences of the rings '14 and the 
interior surface of the sleeve 12. The clearance 80 
space is small 3 and therefore does not appear 
in the drawings. Distribution of the bearing 
•fluid is improved by forming flats 17 in the 
surfaces of the bearing rings 14 over the exit 
ends of the orifices 16. 85 

A series of return ports 1 8 are formed about 
the inner circumferences of the bearing rings 
14 to maintain a free flow through the en- 
larged annular clearance spaces defined be- 
tween the axle 10 and sleeve 12 over those 90 
portions of the axle not occupied by the bear- 
ing rings 14, and thence out through the ends 
of the sleeve. 

It is desirable that these clearance be only 
partly full of liquid to reduce turbulence, and 95 
thereby reduce the power required to turn the 
roll. 

The flow of bearing fluid travels toward 
either end of the sleeve 12, at which thrust 
rings 30 and thrust bearings 32 are provided 100 
to locate the sleeve axially •with Tespect to the 
axle. The fluid escapes through an annular 
clearance 40 formed between the elements 30, 
32 the axle, and is drained through a passage 
38 in a collar 42. The collar has an arcuate 105 
recess 36 for draining any fluid escaping 
between the rings 30 and 32. The fluid may 
•then be recirculated by a pump to the inlet 
port 26, or discarded, as desired. 

A roll constructed as thus far described is no 
subject to substantial vibration along vertical 
axes at the first natural frequency of the roll 
vibrating as a beam, for reasons previously ex- 
plained. To dampen this vibration, we provide 
a paddle 70 which is mounted within the 115 
chamber 11 transversely to the direction of 
ma 1 ) or vibration, that is, in a horizontally-ex- 
tending position. The paddle is mounted on 
resilient suspension means or springs compris- 
ing two pairs of parallel rods 68, whose in- 120 
board ends are received loosely in holes in the 
paddle and which extend in opposite directions 
longitudinally of the roll. The outboard ends 
of the rods are affixed to the axle assembly 
by means of a pair of brackets 64. 125 

Alternatively, the paddle 70 may be 
sufficiently long so that its own resilience when 
supported on its ends tunes the system to the 
desired frequency. Rods 68 are then shortened 
to the point where they constitute substantially 130 
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rigid supports. Alternatively, the resilient mass 
could be supported in other ways, such as at 
its centre with the ends free. 

The brackets are attached in the illustrated 

5 construction, by screws 66 to the tension bolt 
56, which vibrates as a unit with the axle. The 
rods can, however, be attached directly to the 
axle, as would be necessary if a tension bolt 
is not used. The rods are secured in place in 

10 the brackets 64 by means of set screws 69 (Fig. 
. 2). 

Because the roll vibrates with substantial 
amplitude only at its first natural frequency 
and primarily' in vertical directions, it is not 
15 necessary that the paddle be freely or seismi- 
cally suspended so that it can vibrate equally 
at all frequencies. Horizontal movement is not 
ordinarily necessary, in view of the minor de- 
gree of horizontal* vibration of the roll, and 
20 this restraint makes it feasible to provide only 
small clearances between the edges of the pad- 
dle and the inner surface of the axle, as ap- 
pears in Fig. 2. Reduction of these clearances 
increases the velocity of fluid flow around the 
25 edges of the paddle, therefore enhancing the 
damping action. If horizontal as well as verti- 
cal damping is required, a cruciform or other 
suitable paddle could be used to force horizon- 
tal as well as vertical pumping of the fluid 
30 through clearances; but the clearances would 
have to be larger than the maximum amplitude 
of vibration, to prevent the paddle from strik- 
ing the walls of the axle 10. 

As vertical vibration of the roll commences, 
35 the resilience of the rods 68 and/or paddle 
70, and the mass of the paddle 70, cause a 
relative vertical motion between the paddle 
and the roll, which pumps the fluid in the 
chamber hi back and forth around the edges 
40 of the paddle and absorbs the vibratory energy. 
We have found this sytcm highly effective in 
reducing roll vibration. 

The spring rate of the rods 68 and/or the 
length of paddle 70 is preferably adjusted to 
45 tune the paddle to the same natural frequency 
as the roll. This can be done readily by select- 
ing the location of the brackets 64 aiong the 
tension bolt 56 to obtain the corresponding 
effective lengths of the rods 6S and/or paddle 
50 70. In general, the natural frequency of a mass 
suspended on a spring is equal to the square 
root of its spring constant divided by its mass, 
divided by 2 pi. For either the roll, or the 
rods 6S and/or paddle 70, the spring constant 
55 will be related to the relevant transverse mo- 
ment of inertia, modulus of elasticity, and 
length. If the suspension system is properly 
tuned, the amplitude of vibration of the paddle 
is greatly mangified, and its motion relative 
60 to the axle can be several times as great as 
the amplitude of vibration of the roll itself. 
Tuning therefore greatly increases the ability 
of the paddle to absorb vibratory energy. 
Another embodiment of the invention is 
65 shown in Figs. 3 and 4, in a roll having anti- 



friction rather than fluid bearings. Pans simi- 
lar to those of the preceding embodiment are 
similarly numbered. The axle '10 is in this case 
uninterrupted by orifices, and either end abut- 
ment 22 is normally closed by a plug 28, so 70 
that the chamber 11 is sealed. The chamber 
is nearly but not completely filled with damp- 
ing liquid, to provide for thermal expansion. 
The axle carries a series of annular spools 7S, 
mounted in end-to-end relation. Each spool is 75 
rotatably mounted on a ball bearing unit 76, 
spaced along the axle by annular spacers 80 
which provide for small clearances 74 between 
spools. A pair of locking rings 82 are fixed 
by set screws S3 at opposite ends of the assem- 80 
Sly of spools and bearings for securing the as- 
sembly in place. A pair of annular caps 86 
are fastened to the outermost ones of the spools 
78 by suitable means (not shown), and incor- 
porate seals of conventional type (not shown) 85 
to exclude water. The annular sleeve 12 is en- 
gaged circumfcrentially about all of the spools, 
connecting them for rotation in unison with 
the sleeve about the support 10. In this con- 
struction, the ends of the axle are supported 90 
by spherical bearings elements 88, which are 
•mounted in bearing members 90 on fixed sup- 
ports 92, and provide for canting of the ends 
of the axle as its shape is adjusted by turning 
the nuts 60. The operation of the damping 95 
paddle 70 is similar to that of the embodiment 
of Figs. 1 and 2. 

Referring now to Fig. 5, a third embodiment 
of the invention is shown. The illustration is 
a portion of the embodiment shown in Fig. 100 
1 with the exception of certain changes therein 
which will now be described. The embodiment 
consists of the same axle or support 10, an 
annular roller sleeve 12, and a tension rod or 
bolt 56, al! as shown in Fig. 1 However, the 105 
difference between this embodiment and that 
of Fig. 1 is that the vibration damping 
member is now mounted at its centre, and not 
at its ends as shown in Fig. 1. 

To this end, the paddle- shaped member 100 110 
is supported approximately at its centre by 
means of a mounting block 102 which has one 
end suitably curved to match the curvature of 
the tension rod 56. A bolt 104 passes through 
member 100 and a suitably provided hole in 115 
the block '102, and is threaded into the tension 
rod 56. 

The member 100 is shown in this instance 
as being laminated. That is, it comprises a 
plurality of discrete layers, for example, layers 120 
106, 108 and 110, whose faces lie against each 
other in the manner of a leaf sprins. At the 
other ends of the laminations 106 — 110, suit- 
able slots *1 1 2 are provided in laminations 106 
and 108, and a hole in lamination 110, through 125 
which pass bolts 114, the bolts being threaded 
into tuning weights 116 which are selected for 
properly tuning the member : 1 00 to the desired 
frequency, bearing in mind the mass of the 
laminations 106, 108, 110, their elasticity, and 130 
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their fundamental frequencies. In order not to 
restrain the laminations 106 — 110 from slip- 
ping with respect to each other during vibra- 
tion, suitable spring means are provided be- 

5 tween the weights 111 6 and the upper lamina- 
tion 106, the spring means in this instance tak- 
. ing the form of Belleville springs 1!1S. While 
other spring means may be used, such as heli- 
cal ^ compression springs, or U-shaped leaf 

10 springs, the Belleville type of spring is pre- 
ferred because once it is adjusted to operate 
in the flat region of its deflection-force curve, 
the force exerted will then remain approxi- 
mately uniform regardless of the setting of the 

15 bolts 114, and regardless of any wear which 
may occur between the laminations 106— '110. 
Thus, the damping due to interracial friction 
will remain constant. Of course, if desired, 
timing weights 116 need not be used, the phy- 

20 sical characteristics of the lamination 
•106 — 110 then being chosen initially for 
proper damping effects. 

It is not essential to make the member -100 
of laminar construction and if desired the 

25 member 100 can be made on piece, that is, 
solid throughout. 

The operation of the Figure 5 embodiment 
is the same as the Figure 1 and 3 embodi- 
ments. 

30 While we have illustrated and described pre- 
ferred embodiments of our invention by way 
of illustration, it will be apparent to those 
skilled in the art that various changes and 
modifications may be made thereiD without de- 

35 parting from the scope of the invention. We 
therefore intend to define the invention in the 
appended claims without limitation to the de- 
tails of the foregoing embodiments. 
WHAT WE CLAIM IS : — 

40 1. In combination, a roll and vibration- 
damping means therefor, said roll comprising 
an axle, an annular roller sleeve extending cir- 
cumferentially about said axle, bearing means 
rotatably mounting said sleeve on said axle, 

45 said axle being provided with internal wall 
means forming a chamber adapted to contain 
a body of fluid, and said vibration damping 
•means comprising a paddle-shaped member re- 
ceived in said chamber, and resilient means 

50 suspending said member with clearance from 
said wall means to pump fluid through said 
clearance for absorbing vibrational energy from 
said roll. 

2. A roll and vibration damping means as 
55 claimed in claim !l, in which the spring rate 
of said resilient means is selected to tune said 
paddle-shaped member to a natural frequency 
of vibration at least approximately equal to 
that of the roll. 
60 3. A roll and vibration damping means as 
claimed in claim 1, in which said resilient 
means comprise rod means extending longi- 
tudinally of said axle and parallel with the 
axis thereof, said rod means being supported 
65 at one end thereof by said axle and mounting 



said paddle-shaped member at an opposite end 
thereof. 

4. A roll and vibration damping means as 
claimed in claim 3, in which there are at least 
two of said rod means received at first ends 70 
thereof in holes at opposite ends of said pad- 
dle-shaped member and extending in opposite 
directions longitudinal of said axle, together 
with means forming cantilever mountings in 
said axle of second ends of said rod means 75 
outboard of said paddle-shaped member. 

5. A roll and vibration damping means as 
claimed in claim 3 or 4 in which said rod 
means comprise two pairs of parallel rods hav- 
ing their longitudinal axes in a common plane. 80 

•6. A roll and vibration damping means as 
claimed in claim 4 or 5, in which the effective 
spring rates of said rod means are selected to 
tune the natural frequency of vibration of said 
paddle-shaped member at least approximately 85 
equal to the first natural frequency of vibration 
of said roll. 

7. A roll and vibration damping means as 
claimed in any one of claims 1 to 6, in which 
at least portions of the outer surface of said 90 
axle have a circular cross-section, said sleeve 
forming annular clearance spaces about said 
portions, said axle being formed with conduit 
means for delivering a flow of fluid into said 
chamber, said axle further being formed with 95 
orifices for delivering fluid from said chamber 
into said clearance spaces to form fluid bearing 
means rotatably mounting said sleeve on said 
axle. 

"8. A roll and vibration damping means as 100 
claimed in claim 7, in which said axle is 
formed with two longitudinal rows of said 
orifices defining between them a wedge-shaped 
minor arcuate sector of said axle, the remain- 
ing major arcuate sector of said axle being 105 
imperforate. 

9. A roll and vibration damping means as 
claimed in any one of claims 1 to 8 together 
with means for supporting said axle with a 
major axis thereof horizontal, said paddle- 110 
shaped member forming its minimum clear- 
ances from said wall means in two horizontal- 
ly-spaced regions. 

10. lA roll and vibration damping means as 
claimed in any one of claims 1 to 8, in which 115 
said paddle-shaped member forms its mini- 
mum clearances from said wall means in two 
regions spaced apart along a first plane passing 
longitudinally through said axle. 

11. A roll and vibration damping means as 120 
claimed in any one of claims 1 to 10, in which 

the paddle-shaped member is in the form of 
a bar mounted at its centre within said 
chamber, the ends of the bar being free to 
vibrate. 125 

12. A roll and vibration damping means as 
claimed in claim lil, in which said bar com- 
prises a plurality of leaves lying in face to 
face frictional engagement. 

13. In combination, a roll and vibration- 130 
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damping means therefor, said roll comprising 
an axle, an annular roller sleeve extending cir- 
cumferentially about said axle, bearing means 
rotatably mounting said sleeve on said axle, 
said axle being provided wirh internal wall 
means forming a chamber for containing a 
body of fluid, a resilient paddle received in 
said chamber, and means suspending said pad- 
dle with clearance from said wall means for 
absorbing vibrational energy from said roll 
through vibratory pumping of fluid by said 
paddle through said clearances. 

14. A roll and vibration-damping means as 
claimed in claim 13, in which the spring rate 
of said resilient paddle is selected so that the 
paddle has a natural frequency of vibration 
which bears a predetermined relationship to 
that of the roll. 



115. A roll and vibration-damping means as 
' claimed in claim U4, in which said paddle is 
substantially rigidly supported at its ends, the 
paddle being free to vibrate resiliency 
throughout at least the greater part of its 
length. 

16. The combination as claimed in claim 
1 substantially as herein described with refer- 
ence to, and as illustrated in Figures 1 and 
2, Figures 3 and 4 or Figure 5 of the accom- 
panying drawings. 

BROOKES & MARTIN, 
Chartered Patent Agents, 
•High Holborn House, 
52/54 High Holborn, 
•London W.Ol. 
Agents for the Applicants. 



20 



25 



Printed for Her Majesty's Stationery Office by the Courien Press, Leamington Spa, 1970. 
Published by the Patent Office, 25 Southampton BuUdings, London, W.C.2, from which 

copies may be obtained. 



BNSDOCID: <GB 1187326A_I_> 




BNSDOCID: <GB 11B7326A__I_> 



1187326 COMPLETE SPECIFICATION 

2 SHEETS ™* ^ aw ^i '* o reproduction of 
the Original on a reduced sco/e 

Sheet 2 




BNSDOCtD: <GB 1 1 B7326A_J_> 



